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(54) Brake disk composed from different metals and method for manufacturing the same 

(57) The invention provides techniques capable of 
forming a light brake disk and of suppressing the cost 
of the brake disk 

A brake disk (30) has a disk body (35) formed of a 
titanium alloy, and inner and outer friction members (40, 
42) formed of a stainless steel and bonded to the oppo- 
site surfaces (36a, 36b) of the disk body (35) by a braz- 
ing method. The friction members (40, 42) can be simply 
bonded to the opposite surfaces (36a, 36b) of the disk 
body (35). 
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Description - fl 

[0001] The present invention relates to a brake disk against which brake pads are pressed for braking. 

[0002] A disk brake for a motorcycle has a brake disk and brake pads which are pressed against the opposite surfaces 

5 (friction members) of the brake disk for braking. Some lightweight brake disk has a disk body formed of a lightweight 
material and friction members of a highly frictional material are attached to the opposite surfaces of the disk body 
[0003] A disk brake disclosed in, for example, JP-A No. H8-226478 has a lightweight brake disk. This technique 
forms friction parts by fixing frictional material to the opposite surfaces of the disk body of the brake disk. The formation 
of the friction parts of the frictional material enables the formation of the lightweight brake disk of a light alumin urn alloy. 

to The present invention forms friction parts by attaching a frictional material to a brake disk by spraying or appli- 

cation. The thickness of the friction parts is in the range of about 10 to about 20 \wr\. 

Some type of brake disks need friction parts of a greater thickness. 
[0004] A brake disk provided with thick frictional members is disclosed in, for example, JP-A No. H9-42339. This 
technique bonds friction members of an alloy steel to the opposite surfaces of an aluminum disk by explosive cladding. 

15 An explosive cladding method has troublesome steps of putting an alloy steel member on an aluminum member, 

mounting a buffer on the alloy steel member, putting a proper amount of explosive on the buffer, and detonating the 
explosive by a detonator attached to one end of the explosive. Thus, the explosive cladding method is costly. 
[0005] A disk rotor disclosed in Japanese Utility Model No. 2557898 is a brake disk provided with a thick frictional 
member. This technique places a plate-shaped member of a carbon-fiber-reinforced composite material between a 

20 pair of metal plates forming a disk rotor, and joins together the pair of metal plates and the plate-shaped member by 
riveting. 

A process for uniting together the pair of metal plates and the plate-shaped member needs a step of forming a 

plurality of through holes in the pair of metal plates and the plate-shaped member and a step of pressing down the 

ends of a plurality of rivets. Thus, this technique needs many parts, which increases the cost. 
25 [0006] Thus, the prior art are not practically suitable for mass production in which a member formed of a titanium 

alloy or an aluminum alloy and member formed of an iron-base material are bonded together. 

An explosive cladding method proposed in JP-A No. H9-42339 and a rivet bonding method disclosed in Japanese 

Utility Model No. 2557898 increase the manufacturing cost of the brake disk. Manufacturing techniques that replace 

the know techniques have been desired. 
30 [0007] Accordingly, it is an object of the present invention to provide techniques capable of reducing the weight of a 

brake disk by bonding together a member of a titanium alloy or an aluminum alloy and a member formed of an iron - 

base member and of suppressing cost. 

[0008] To achieve the object, a brake disk stated in a first aspect of the invention comprises a disk body formed of 
a titanium alloy or an aluminum alloy, and friction members formed of an iron-base material and bonded to the opposite 

35 surfaces of the disk body by brazing. 

[0009] There has not been any practical technique suitable for mass production in which a member of a light titanium 
alloy or aluminum alloy having a high strength and a member of an iron-base material. According to the present inven- 
tion, the disk body is formed of a light titanium alloy or aluminum alloy having a high strength, and friction members 
formed of an iron-base material are bonded together by brazing. The use of a light titanium alloy or aluminum alloys 

40 having a high strength reduces the weight of the brake disk. 

The friction members are bonded to the disk body by brazing. The friction members can be bonded to the disk 
body simply by forming a brazing filler metal layer between each of the friction members and the disk body and melting 
the brazing filler metal layer. 

[0010] A brake disk stated In a second aspect of the invention for a motorcycle, to be mounted on a hub included in 
45 a wheel comprises a disk body formed of a titanium alloy or an aluminum alloy, and friction members formed of an 
iron-base material and bonded to the opposite surfaces of the disk body by brazing; wherein the pair of friction members 
have different thicknesses, respectively. 

[0011] The disk body is formed of a titanium alloy or an aluminum alloy, and the friction members formed of an iron- 
base material are bonded to the opposite surfaces of the disk body by brazing. 

50 The titanium alloy or the aluminum alloy is light and has a high strength and enables the reduction of the weight of the 
brake disk without deteriorating the braking ability of the brake disk. 

The friction members are bonded to the disk body by a brazing method. The friction members can be bonded to 
the disk body simply by forming a brazing filler metal layer between each of the friction members and the disk body 
and melting the brazing filler metal layer. 

55 [0012] As generally known, when a brake disk is incorporated into a motorcycle, the outer surface of the brake disk 
opposite the inner surface of the same facing the wheel of the motorcycle is exposed more efficiently to running wind 
than the inner surface. Therefore, when a braking force is exerted on the brake disk, the inner friction member facing 
the wheel is heated at a temperature higher than that at which the outer friction member is heated. Friction coefficient 
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V, 

between the friction member and a brake pad decreases as the temperature of the friction member rises. Therefore, 
it is important to maintain the friction members at a fixed temperature. 

[0013] To realize this, the pair of friction members are formed in different thicknesses, respectively, and, for example, 
the brake disk is incorporated into a motorcycle so that the thicker friction member is on the inner surface and faces 
5 the wheel and the thinner friction member is on the outer surface and is exposed more efficiently to running wind. The 
thicker friction member is capable of absorbing a large amount of heat generated when a braking force is applied to 
the brake disk. Thus, the inner friction member facing the wheel and the outer friction member not facing the wheel 
are maintained at the same temperature. 

[0014] Consequently, both the friction coefficient associated with the inner friction member and the friction coefficient 
w associated with the outer friction member can be held on a substantially fixed level. 

[0015] A preferred embodiment of the present invention will be described with reference to the accompanying draw- 
ings. 

[0016] Fig. 1 is a side elevation of a motorcycle employing a brake disk in a first embodiment according to the present 
invention. 

15 [0017] Fig. 2 is a sectional view taken on line 2-2 in Fig. 1 . 

[0018] Fig. 3 is a sectional view of the brake disk in the first embodiment. 
[0019] Fig. 4 is a plan view of the brake disk in the first embodiment. 

[0020] Fig. 5 is a view of assistance in explaining a brazing method to be carried out when fabricating the brake disk 
in the first embodiment. 

20 [0021] Fig. 6 is a graph showing the variation of the friction coefficient associated with the friction member of a brake 
disk in a second embodiment according to the present invention with the temperature of the same. 
[0022] Fig. 7 is a sectional view of a brake disk in a third embodiment according to the present invention. 
[0023] Fig. 8 is a graph showing the relation between friction coefficient associated with the brake disk in the third 
embodiment and the thickness of friction members. 

25 [0024] In the following description, words "front", "back", "right" and "left" signify directions with respect to a rider, 
and the drawings are supposed to be viewed with the reference characters in an erect position. 

Amotorcycle 10 has a body frame 11 , a front fork 12 supported in a head pipe 11a included in the body frame 
11, a handlebar 13 attached to the upper end of the front fork 12, a front wheel 14 attached to the lower end of the 
front fork 12, a fuel tank 15 mounted on a front part of the body frame 11 , a seat 16 mounted on a part of the body 

30 frame behind the fuel tank 1 5, a power unit 1 7 (formed by combining an engine 1 7a and a transmission 1 7b) disposed 
under and attached to a front part of the body frame 11 , swing arms 18 pivotally joined for swinging to a rear part of 
the body frame 1 1 , and a rear wheel 1 9 supported on a rear end part of the swing arm 1 8 and provided with a brake 
disk 30 in a preferred embodiment according to the present invention. The brake disk 30 of the present invention will 
be described hereinafter. 

35 [0025] Fig. 2 is a sectional view taken on line 2-2 in Fig. 1 . A wheel 20 comprises a hub 21 , a spoke 22 and a rim 
23. The wheel 20 is disposed between the swing arms 18 and is supported for rotation by a rear axle 24 attached to 
the swing arms 18. A tire 25 is fitted on the rim 23. A sprocket 26 is fastened to the right side surface of the hub 21 
with bolts 27 and a drive chain, not shown, is wound round the sprocket 26. The brake disk 30 is fastened to the left 
side surface of the hub 21 with bolts 31 and a caliper 32 is combined with a lower part of the brake disk 30. 

40 [0026] The caliper 32 is attached to the body of the motorcycle 1 0 {Fig. 1 ). Brake pads 33 are held on the caliper 32 
so as to face an inner friction member 40 and an outer friction member 42 of the brake disk 30, respectively. 

The calipers 33 held on the caliper 32 are pressed against the inner friction member 40 and the outer friction 
member 42, respectively, to exert a braking force to the brake disk 30. 

[0027] Fig. 3 is a sectional view of a brake disk in a first embodiment according to the present invention. 
45 The brake disk 30 has a disk body 35 formed of a titanium alloy, an inner friction member 40 formed of a stainless 

steel and bonded by brazing to the inner surface 36a, i.e., a surface facing the wheel 20, of the brake disk 35, and an 
outer friction member 42 formed of a stainless steel and bonded by brazing to the outer surface 36b, i.e., a surface 
not facing the wheel 20. 

[0028] The disk body 35 has an annular part 36 of a thickness tl and mounting lugs 37 of a thickness t2 provided 
so with a through hole 37a and formed integrally with the annular part 36 so as to project radially inward from the inner 

circumference of the annular part 36. The disk body 35 is formed of a titanium alloy and is provided with a recess in 

the inner surface 36a facing the wheel 20. Although it is preferable that the titanium alloy contains 6% aluminum and 

4% vanadium, the titanium alloy may be of any other composition. 

The inner friction member 40 is bonded to the inner surface 36a facing the wheel 20 of the annular part 36 with 
55 a brazing filler metal layer 45, and the outer friction member 42 is bonded to the outer surface 36b of the same with a 

brazing filler metal Iayer46. The surface of the outer friction member42 isflush with the outer surface of the disk body 35. 

[0029] The inner friction member 40 is formed of a stainless steel, such as SUS41 0M, JIS, in a shape substantially 

the same as that of the inner surface 36a of the annular part 36. Preferably, the thickness t3 of the inner friction member 
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40 is in the range of 0.3 to 0.5 mm, but the thickness is not limited thereto 

same^o^ 
simi.ar.ytothatoftheinnerS^^^ 

Preferably, the inner brazinq fflSTnSI I snUt 45 and SL f t k bUt thS thiCkn6SS iS n0t limited theret0 - 

activated silver solder contain*^ aoTs^S^ZTl^ „ raZ ' ng fi " er metal sheet 46 are formed ° f an 

In the hub 21 lo fasten the S d£ M ,o the n *b 21 6 b " >k • ** 30 ana a ™ screwed in threaded holes formed 
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[0032] 





Table 1 




Material 


Friction coefficient (jx) 


[ Weight 


Comparative example 1 


Stainless steel 


0.5 


W 


Comparative example 2 


Titanium alloy 


0.2-0.7 


0.6w 


Comparative example 3 


Aluminum alloy 


0.3 


0.3w 


Example 


Titanium alloy and stainless steel 


0.5 


0.7w 



2 is formed of a titanium alloy a brake disk in c ™ " , Stee '' 9 brake disk in Comparative example 

disk in the first embodiment £ a ££ disk in Examp" ' * ^ ° f a ' UminUm a "°* and the bra 'e 

exempt Wei9W " * k * * 3 multi P le - the weight W of the brake disk in Comparative 

[0033] Friction coefficient associated with Comparative examote 1 n s ^ r- 

of W. The motion coefficient is sufficiently large bS^^Sl" ™" Comparatlve e * am P |e ' h- ■ weight 

exampT^wSt^^ T^H J ^ * ^ ^ " °" 2 te 0 7 and C °™>™*>* 

produce stable braking force 9 Sma " en ° U9h ' bUt the friction coefficien t varies and it is difficult to 

O-SW.™^ 22 eXamP !% 3 iS 0 3 and C ™«ve examp,e 3 has a weight of 

and it is difficult to pSE suSnt braCfoS eXamP ' e *' ' S Sma " en ° Ugh ' but the fricti °" issmal. 

-arge e^ugn ^ we^ 0 5 ^ ^ ^ 9 * °™ ^ **" — — * 

S, ?n 6 d SSIS;^ SSSKSEL^ ~ ° f T -*» a "°V -ving a high 
the opposite surfaces of the disk body 35 by brlina Thus mThonH ?T Ma,S are bonded t0 

enables the use of the liqht titanium 2L« hSiSf??" k J ' ! , 9 ° f members of different materials by brazing 
disk 30 to be formed Tj^riS^ 9 " ** f0rm,n9 ^ diSk b ° dy 35 ' which enables tha "rJ 

r0035 L A SSS? Jfl 0d emP '° yed fabriCatin9 the brake disk 30 wi » •» described 

fri^^.: srs r pioyed in fabricatin9 the brake * sk 30 * »• «* 

outerfriction member^ ^d b^^^^^ 3 P"™ P lata « is prepared, the 

filler metal sheet 46 the disk bodv as an fnnlr Z «■? attached t0 the s "PPort plate 51 , and an outer brazing 

superposed in that order ZVe Z^oT^Z ZnT 45 ^ ^ 40 are 

member 40. member 4Z Then ' the P^ssure plate 53 is placed on the inner friction 

range of 9 0.3 y t 9 o 0.5 mm to 1"^^^^° «" - — — 43 in the 
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Preferably, the outer brazing filler metal sheet 46 has a shape similar to that of the outer friction member 42 and a 
thickness of 1 00 urn, but the shape and the thickness of the inner brazing filler metal sheet 46 are not limited thereto. 

The inner brazing filler metal sheet 45 and the outer brazing filler metal sheet 46 may be substituted by powder. 
[0037] In a step shown in Fig. 5 (b), the jig 50 holding the outer friction member 42, the outer brazing filler metal 
5 sheet 46, the disk body 35, the inner brazing filler metal sheet 45 and the inner friction member 40 is placed in a vacuum 
vessel 55, a load P of about 2 kg is applied in the direction of the blank arrow to the pressure plate 53 to apply a 
pressure of 0.01 kgf/cm 2 to surfaces to be bonded together by brazing. 

[0038] Subsequently, the vacuum vessel 55 is evacuated to a vacuum of 1 .5 torr, and then the interior atmosphere 
of the vacuum vessel 55 is heated at 850 °C for 40 min to melt the inner brazing filler metal sheet 45 and the outer 
10 brazing filler metal sheet 46. Consequently, the inner friction member 40 is bonded to the inner surface 36a of the disk 
body 35 by the molten inner brazing filler metal sheet 45 and the outer friction member 42 is bonded to the outer surface 
36b (Fig. 3) of the disk body 35 by the molten outer brazing filler metal sheet 46. 

[0039] The brazing method loads the pressure plate 53 with the load P of about 2 kg to prevent the deformation of 
the inner friction member 40 and the outer friction member 42. 
15 The outer friction member 42 : the outer brazing filler metal sheet 46, the disk body 35, the inner brazing filler 

metal sheet 45 and the inner friction member 40 are located by the pins 54 to prevent the dislocation of those members 
during brazing. 

[0040] The brazing method is able to bond together members of different materia^ such as a member of a titanium 
alloy and a member of an iron-base material. Thus, the disk body 35 can be formed by a light titanium alloy having a 

20 high strength, which is effective in reducing the weight of the brake disk 30. 

[0041] In a step shown in Fig. 5(c), the surfaces of the inner friction member 40 and the outer friction member 42 
bonded to the disk body 35 are machined with a cutting tool 57 to finish the surfaces of the inner friction member 40 
and the outer friction member 42 in a flatness required of the brake disk 30 . Preferably, the thickness of the thus 
finished friction members 40 and 42 is in the range of 0.3 to 0.5 mm. 

25 |f the surfaces of the inner friction member 40 and the outer friction member 42 as bonded to the disk body 35 

have a flatness required of the brake disk 30, the same surfaces do not need to be finished by machining. 
[0042] In the first embodiment, the friction members 40 and 42 are bonded to the disk body 35 by the brazing method. 
The friction members 40 and 42 can be easily bonded to the disk body 35 simply by spreading a brazing filler metal 
between the friction members 40 and 42, and the disk body 35 and melting the brazing filler metal. 

30 [0043] A brake disk in a second embodiment according to the present invention will be described hereinafter. 

The brake disk in the second embodiment has a disk body formed of an aluminum alloy, and friction members 
formed of a stainless steel and bonded to the disk body by brazing. Thus, the brake disk in the second embodiment 
is the same as the brake disk 30 in the first embodiment except that the former has the disk body formed of the alumin urn 
alloy. 

35 [0044] Fig. 6 is a graph showing the variation of the friction coefficient associated with the friction member of the 
brake disk in the second embodiment with the temperature of the same, in which friction coefficient associated with 
the friction member is measured on the vertical axis, the temperature of the friction member is measured on the hori- 
zontal axis, a solid circle is for a brake disk in Comparative example and a blank circle is for the brake disk in Example. 
The brake disk in Comparative example has a disk body integrally provided with friction parts and formed of a stainless 

40 steel. The brake disk in Example is the brake disk in the second embodiment. 

The stainless steel has a heat transfer coefficient of about 0.1 8 cal/cm - s • °Cand the aluminum alloy has a heat 
transfer coefficient of bout 0.53 cal/cm • s • °C. Thus, the heat transfer coefficient of the aluminum alloy is as great as 
about three times that of the stainless steel. 

The temperature of the friction member and the friction coefficient associated with the frbtion member were 

45 measured by rotating the brake disk at a predetermined rotating speed, and pressing brake pads against the rotating 
brake disk for braking. 

[0045] Heat generated in the friction member of the brake disk in Comparative example by a braking action cannot 
be transferred at a high rate to the disk body. Therefore, if the braking action continues for a long time, the temperature 
of the friction member rises and the friction coefficient decreases slightly as indicated by a solid circle. Although this 

50 brake disk in Comparative example is satisfactory in braking effect, a further effective braking disk has been desired. 
[0046] Since the disk body of the brake disk in the second embodiment is formed of the aluminum alloy, heat gen- 
erated in the friction member during braking can be satisfactorily absorbed by the disk body. Therefore, even if large 
braking energy is produced, the rise of the temperature of the friction member can be suppressed as indicated by a 
blank circle. Consequently, the friction coefficient remains substantially constant and a sufficient braking force can be 

55 produced. 

Moreover, the brake disk in the second embodiment, similarly to that in the first embodiment, can be formed in 
a lightweight structure, which is effective in improving the performance of the motorcycle. 

[0047] A brake disk in a third embodiment according to the present invention will be described with reference to Fig. 
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A brake disk 60 has a Tdtek tadJastaJnTTT * arac,srs „ ana »» description thereof w,ll be omitted. : 
member 64. The ^tZmT^lZ^^IZZ^T 5" '**>'' mem0er 62 aM a " ■a""**" 

62 ,s kh the ren 9 e o, 0.3 to 0.5 TST^SSS^tSSSl'" """^ 15 " in " 8 ' memJ 

la, sin*,* to that otthe Inner tncbon ™le o?Xe ^anLfJt 0 tol 7£Z71" ° U,e ' "*"'*" 64 

thereto. ' e range 01 0 3 to °- 5 mm > but the same thickness is not limited 

» different thicknesses. respec7ve,y Th e b rake h Z "T? 62 lhe ° Ul6r friCli ° n member 64 na - 

shown in Fig. 1 with the iLv^^m^SSS SSlSSS °' *? m0tore ^ 10 

so as to be exposed to running wind more efficientT^ 

mernbe^d;;^ 

inner surface of the same, i.e., the fnSSESJZSS ^ effiC ' ently * mnnin9 Wi " d tha " the 

innerfriction member 62 and £ Touter SlST^^IS? " FriCti ° n Coefficients ass °«ated with the 

62 and the outer friction member IZsTtZZTZsV^^ ? ,emperatures ° f the *™" «*» member 
ature. ' nerefore ' rt ,s 'mportant to ma.ntain the friction members at a fixed temper- 

* «^ in the thickn - 15 greater than the thickness « of the 

when a braking force is ^ppH^ 

64 can be maintained at ZS^^^Z^Z^ m ™1»«™ member 62 andthe outerfriction member 
running wind less efficiently SrK^STS^JT 9 " in " er friCti ° n member 62 is *» 
with the inner friction member 62 and the friSn 3 Consequently, both the friction coefficient associated 

on a substantially fixed^u'd sul» ^ the ° Uter friCtion member 64 ca " ba 

brake disk 60. ana substantially the same braking force can be produced on the opposite sides of the 

[005* '""-nceofthethlcknessofthe^ionmemberonfri^ 

-nbo2ii;sKS^s ^izTz^T tent as r iated with the brake disk * ■» *« 

sociated with the friction members i^iTS^^I^ET 6 CoeMs respectively as- 

ratio of the thickness t5 of the innerfrico ^^SSS^ZS^^JS^ TJ!*"*" ^ the 

on the horizontal axis. Friction coefficients were m Z ° f the oulerfr,ct,on member 64, is measured 

for the measurement of the ^n^to^ZZ^TT th * 3re m ° re Severe than *»« 

and those in the comparative examp"^ h thefirst embodiment 

outerfriction member on the difference in friction Z inner and the 

from those shown in Table 1 coefficient. Therefore, the values of the friction coefficients are different 

Ess"^ r k net tS^the 9 T- * ^ ^ diSk " ° 41 — *° 

outerfriction member 64. I^^SE^ZSi? memt>er 62 ' S 1/4 ° f the thickness t6 of the 

0.43 when the thickness ratio SSt^.^Efff 2?"* the 0ppOsite surfaces 0 f *. brake disk are 
thickness 16 of the outerfriction member64 i^S^iZT^ f ^ innSr fn ' Cti ° n member 62 is 1/2 ° f tha 
the brake disk are 0.46 when the Sess ra 7c ZlTn T respectively associated with the opposite surfaces of 

thickness ratio t5/t6 is 0.75, ,.e., when the thickness 15 of the innerfriction member 
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62 is 3/4 of the thickness t6 of the outer friction member 64. 

[0055] Friction coefficients respectively associated with the opposite surfaces of the brake disk are 0.48 when the 
thickness ratio t5/t6 is 1 .0, i.e., when the thickness t5 of the inner friction member 62 is equal to the thickness t6 of the 
outer friction member 64. Friction coefficients respectively associated with the opposite surfaces of the brake disk are 
5 0.49 when the thickness ratio t5/t6 is 1 .25, i.e., when the thickness t5 of the inner friction member 62 is 1 .25 times the 
thickness t6 of the outer friction member 64. Friction coefficients respectively associated with the opposite surfaces of 
the brake disk are 0.5 when the thickness ratio t5/t6 is 1 .5, i.e., when the thickness t5 of the inner friction member 62 
is 1 .5 times the thickness t6 of the outer friction member 64. 

[0056] As obvious from the graph shown in Fig. 8, friction coefficients respectively associated with the opposite 
10 surfaces of the brake disk are 0.46, which are fairly satisfactory, when the thickness t5 of the inner friction member 62 
is equal to the thickness t6 of the outer friction member 64. 

[0057] Friction coefficients respectively associated with the opposite surfaces of the brake disk can be increased 
beyond 0.46 when the thickness t5 of the inner friction member 62 is greater than the thickness t6 of the outer friction 
member 64. 

15 Particularly, when the thickness t5 of the inner friction member 62 is 1 ,t times the thickness 5t of the outer friction 
member 64, friction coefficients associated with the opposite surfaces of the brake disk is as large as 0.5. 
[0058] The respective disk bodies of the brake disks in the first and the third embodiment are formed of the titanium 
alloy; those disk bodies may be formed of a light material having a high rigidity other than the titanium alloy, such as 
liLanium, aluminum, an aluminum alloy or the like. 

20 The disk body of the brake disk in the second embodiment is formed of an aluminum alloy; this disk body may 

be formed of a material having a large heat transfer coefficient, such as aluminum. 

Although the friction members of the foregoing embodiments are formed of the stainless steel, the same may be 
formed of an iron-base materia! other than the stainless steel, such as a carbon steel or cast iron, provided that the 
iron-base material is capable of forming friction members having a frictional property represented by a satisfactory 

25 friction coefficient. 

[0059] In the third embodiment, the inner friction member 62 facing the wheel is thick and the outer friction member 

64 not facing the wheel is thin. The inner friction member 62 may be thin and the outer friction member 64 may be thick. 

[0060] The present invention exercises the following effects. 

In the brake disk stated in the first aspect, the disk body is formed of the titanium alloy or the aluminum alloy, 
30 and the friction members formed of the iron-base material are bonded to the opposite surfaces of the disk;body by 

brazing. The disk body formed of the light titanium alloy or aluminum alloy reduces the weight of the brake disk. 

The friction members are bonded to the disk body by the brazing method. The disk body is formed of the titanium 

alloy or the aluminum alloy, the friction members are formed of the iron-base material, and the brazing filler metal is 

sandwiched between the disk body and the friction members, which are formed of different materials, respectively, and 
35 the friction members can be bonded to the disk body simply by melting the brazing filler metal, which reduces the cost 

of the brake disk. 

[0061] In the brake disk stated in the second aspect, the disk body is formed of the titanium alloy or the aluminum 
alloy, and the friction members formed of the iron-base material are bonded to the opposite surfaces of the disk body 
by brazing. The titanium alloy or the aluminum alloy is a light material having a high strength and reduces the weight 
40 of the brake disk. 

[0062] Moreover, the pair of friction members are formed in different thicknesses, respectively, the thicker friction 
member is bonded to the inner surface of the disk body facing the wheel and the thinner friction member is bonded to 
the outer surface of the disk body. The thicker friction member bonded to the inner surface of the disk body on the side 
of the wheel is capable of absorbing a large amount of heat generated when a braking force is applied to the brake 

45 disk. Thus, the inner friction member facing the wheel and the outer friction member not facing the wheel can be 
maintained at substantially the same temperature. Consequently, is capable of absorbing a large amount of heat gen- 
erated when a braking force is applied to the brake disk. Thus, the inner friction member facing the wheel and the outer 
friction member not facing the wheel are maintained at the same temperature. Consequently, both the friction coefficient 
associated with the inner friction member and the friction coefficient associated with the outer friction member can be 

50 held on a substantially fixed level. 

[0063] In summary it is an object to provide techniques capable of forming a light brake disk and of suppressing the 
cost of the brake disk 

To achieve this, a brake disk 30 has a disk body 35 formed of a titanium alloy, and inner and outerfriction members 
40, 42 formed of a stainless steel and bonded to the opposite surfaces 36a, 36b of the disk body 35 by a brazing 
55 method. The friction members 40, 42 can be simply bonded to the opposite surfaces 36a, 36b of the disk body 35 . 
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